Platelet production increases in anemic people. In particular, iron deficiency causes reactive thrombocytosis in such patients. Although anemia and iron deficiency are frequently seen in dogs, there are no published studies on this subject. The aim of the present study was to investigate the relationship between anemia, iron deficiency, and platelet production in dogs. A total of 81 dogs brought to the university animal hospital with signs of anemia were used. Haemogram parameters, serum iron (Fe), erythropoietin (EPO), and thrombopoietin (TPO) levels, as well as total iron binding capacity (TIBC), were measured. Transferrin saturation (TSAT) ratios were calculated. The animals were categorized as anemic or non-anemic, mildly anemic or moderately/ severely anemic, and having iron deficiency or no iron deficiency according to haemogram parameters and the serum Fe level. A high platelet number was observed in dogs with mild anemia. Dogs with mild anemia also had higher serum EPO levels than dogs with moderate/severe anemia (P = 0.047). Iron deficiency was detected in 31 dogs. The platelet number was higher in dogs with iron deficiency (P = 0.004). It was also observed that dogs with iron deficiency had higher serum EPO levels (P = 0.027) and lower TPO levels (P = 0.025) than dogs without iron deficiency. In conclusion, it can be said that mild anemia and iron deficiency cause thrombocytosis in dogs. The increased serum EPO levels, both in dogs with mild anemia and those with iron deficiency, suggest that the increase in platelet production is due to EPO. Nevertheless, there is a need for further research to fully understand the underlying mechanism.
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In dogs, as in humans, anemia is one of the most common clinical manifestations. One of the most common causes of anemia in both humans and dogs is iron deficiency (14) . Gastrointestinal bleedings, ectoparasites, and inadequate iron intake with food are the main causes of iron deficiency anemia (IDA). IDA is seen more frequently in suckling kids because, although iron demand during the rapid growth period is high, young animals have low iron stores and milk is also low in iron (18) . Since these types of anemia develop slowly, clinical signs may not be observed until anemia is significantly advanced. Prominent thrombocytosis in humans with iron deficiency has been reported, but its cause has not been fully understood (8) .
Thrombocytosis is classified in two major categories: as essential or reactive (13) . Essential thrombocytosis, also called clonal thrombocytosis, is a type of chronic myeloproliferative disorder. In this case, the bone marrow produces too many platelets. Secondary thrombocytosis, or reactive thrombocytosis, occurs due to secondary causes, such as infection, inflammation, tissue damage, hemolysis, severe exercise, malignancy, or hyposplenism (3). The diagnosis and treatment of reactive thrombocytosis due to anemia in humans are quite different from those of clonal thrombocytosis. Therefore, a number of studies have been carried out to elucidate the mechanisms of thrombocytosis due to anemia in humans (10, 20) .
Marchetti et al. (11) reports that dogs with chronic enteropathy have anemia, and some of these anemic dogs also have thrombocytosis. Reactive thrombocytosis has also been reported in dogs with chronic blood loss (6) . However, as far as we know, there have been no studies investigating directly the relationship between anemia and thrombocytosis in dogs. As already mentioned, anemia is one of the most common clinical signs in dogs. There are many points worth examining, such as the relationship between the severity of anemia and thrombocyte production, the efficiency of erythropoietin or thrombopoietin mechanisms in the formation of reactive thrombocytosis, or the relationship between reactive thrombocytosis and other blood parameters in anemic dogs. Similarly, the relationship between thrombocytosis and parameters of iron metabolism, such as the serum iron level, total iron binding capacity (TIBC), and the percentage of transferrin saturation (TSAT), has not been investigated in anemic dogs. The elucidation of these details may allow the alterations observed in the number of platelets in anemic dogs to be used as a clinical marker in the diagnosis or prognosis. It can also be determined whether anemiarelated thrombocytosis requires an extra intervention other than anemia treatment. To make all these to be possible, anemia-related thrombocytosis should be studied together with its physiological mechanisms.
The aim of the study was to investigate the relationship between anemia, iron deficiency, and platelet production in dogs. The relationship between platelets and leukocytes will also be discussed.
Material and methods
Animal material. A total of 81 dogs, which were brought to and blood sampled for routine examinations in the clinics of Istanbul University-Cerrahpasa Veterinary Faculty between 2017 and 2018, were used in the study. This study was approved by the Istanbul University-Cerrahpasa Veterinary Faculty Local Ethics Committee (Approval number 72796624-050.01.01). In order for the blood samples to be used in this study, permission was obtained from the dog owners.
Blood analysis. Two milliliters of anticoagulated (EDTA) and non-anticoagulated blood samples were taken from each dog suspected of having anemia during clinical examination. All samples were processed within three hours. Complete blood count (CBC) was performed in EDTA samples by a cell counter (Abacus Junior Vet, Diatron, Austria) within two hours. Blood samples collected into plain tubes were allowed to cloth, and then they were centrifuged at 3500 rpm for 10 minutes. Serum samples were stored at -80°C for subsequent analysis. Serum iron concentration (Fe) and total iron binding capacity (TIBC) were determined using an auto analyzer and commercial kits. The transferrin saturation ratio (TSAT) was calculated from Fe and TIBC values as follows: TSAT = (Fe/TIBC) × 100 (4). Serum concentrations of erythropoietin (EPO) and thrombopoietin (TPO) were measured using commercial ELISA kits.
Categorization of animals. The animals were categorized as 1) "anemic" or "non-anemic", 2) "mildly anemic" or "moderately/severely anemic", and 3) having "iron deficiency" or "no iron deficiency" using haemogram parameters and the serum Fe level. The reference values of the cell counter (RBC = 5.5-8.5 × 10 6 /µL, HGB = 12-18 g/dL and HCT = 37-55%) were used to distinguish between anemic and non-anemic dogs. Dogs with RBC < 5.5 × 10 6 /µl, HGB < 12 g/dl, and HCT < 37% were considered as anemic.
Anemic dogs were classified into two groups of "dogs with mild anemia", and "dogs with moderate/severe anemia" according to the criteria of Sodikoff (17) . According to these criteria, anemia was categorized as mild, moderate, or severe when the HCT values were between 30-40%, 20-30%, or less than 20%, respectively. Dogs with a serum Fe concentration below 81-220 µg/dl were defined as those with low iron levels (11) . Reference values for platelet count (PLT = 200-400 × 10 3 /µl) were used to identify dogs with thrombocytosis.
Statistical analyses. An independent-samples T-test was performed to compare anemic and non-anemic dogs, dogs with mild anemia and dogs with severe anemia, as well as dogs with iron deficiency and dogs without iron deficiency. The Mann-Whitney U test, a non-parametric test, was used to compare parameters that did not show normal distribution according to Levene's test. All statements of significance were based on P < 0.05. All statistical analyses were performed using the SPSS Version 21 for Windows (SPSS Inc., Chicago, IL).
Results and discussion
In the current study, dogs were categorized as anemic or non-anemic considering RBC, HCT, and HGB values. Dogs with RBC, HCT, and HGB values below normal reference ranges were classified as anemic. According to these criteria, 43 (53%) of the dogs included in the study were anemic (21 were mildly anemic, 22 were moderately/severely anemic), whereas 38 (47%) of the dogs were not anemic.
The relationship between the degree of anemia and the platelet count is presented in Fig. 1 . It was observed that dogs with mild anemia had a higher platelet count than those with moderate/severe anemia (P = 0.050) ( Fig. 1 ). In addition, the mildly anemic dogs had higher serum EPO levels than those with moderate/ severe anemia (P = 0.047) ( Fig. 1 ), However, there was no significant difference in the serum TPO level (P = 0.112), (Fig. 1) .
Iron deficiency was detected in 31 (38%) of the dogs included in the study. It was found that 24 of the dogs with iron deficiency were anemic. The dogs with iron deficiency had a reactive thrombocytosis, because the number of platelets in iron-deficient dogs was found to be higher than it was in dogs without iron deficiency (P = 0.004) (Fig. 2, 3 ). In addition, in dogs with iron deficiency, the serum TIBC level was higher (P = 0.001), but the serum TSAT ratio was lower (P = 0.001), (Fig. 2) .
It was also observed that dogs with iron deficiency had a higher serum EPO level and a lower TPO level than the dogs without iron deficiency (respectively, P = 0.027 and P = 0.025), (Fig. 3) .
Data regarding the relationship between leukocytes and platelets are presented in Table 1 . There was no significant difference in terms of the total leukocyte count or the differential leukocyte count between dogs with a normal platelet count and dogs with thrombocytosis (P = 0.614).
In the present study, dogs were categorized with respect to the severity of the anemia. It appears that dogs with mild anemia had reactive thrombocytosis ( Fig. 1 ). It has been suggested that reactive thrombocytosis seen in anemic humans might originate from erythropoietin (2) . Indeed, it has been demonstrated both in vitro and in vivo that high-dose EPO administration stimulates platelet production (19) . It has also been reported that recombinant EPO, which is used for treatment of anemia in humans, also causes thrombocytosis (9) . Biliç and Biliç (2) report that the amino acid sequences of EPO and TPO, especially receptor-binding regions, are very similar, so that EPO can easily cross-react with TPO receptors in the bone marrow. It is therefore suggested that the increased production of platelets in anemic patients is related to EPO, which stimulates platelet production by binding to TPO receptors through cross-reaction (2) . As far as we know, there is no published study on dogs regarding this topic. In the current study we observed that dogs with mild anemia tended to have higher serum EPO levels than dogs with moderate/severe anemia. On the other hand, there was no significant difference in the serum TPO level (Fig. 1) . This made us think that the increased EPO stimulated platelet production in anemic dogs, as it does in humans.
One of the interesting findings of the current study is that, although thrombocytosis was seen in mildly anemic dogs, there was no thrombocytosis in dogs with moderate or severe anemia (Fig. 1) . As already mentioned, we suggest that the thrombocytosis detected in anemic dogs was caused by the binding of EPO to TPO receptors and increased platelet production. While EPO binds to TPO receptors in mildly anemic dogs, the question is why it does not bind to the same receptors in dogs with severe anemia. It is not possible to be certain, but this may be related to the level of EPO receptors expressed in severely anemic dogs. As a matter of fact, an increase in the expression of EPO receptors has been reported in sheep made severely anemic by phlebotomy (5) . It has also been reported that EPO receptors in the bone marrow are increased in lambs made anemic by phlebotomy, and circulating EPO is eliminated by these receptors (15) . As the severity of anemia increases, the number of EPO receptors increases, and these increased EPO receptors eliminate EPO present in circulation. In such a case, there will not be enough EPO bonding to TPO receptors. In the current study, we also observed that serum EPO levels of dogs with severe anemia were lower than those of mildly anemic dogs (Fig. 1) .
It has been reported that reactive thrombocytosis in humans is usually seen in anemia due to iron deficiency. It can be said that, in the vast majority of dogs included in this study, anemia was caused by iron deficiency, since 31 of them (38%) seemed to have iron deficiency. Serum TIBC and TSAT levels also support this idea (Fig. 2) . In dogs with iron deficiency, a high serum TIBC level combined with a low TSAT ratio was a typical finding.
In the present study, the platelet number in dogs with iron deficiency was significantly higher than it was in dogs with a normal serum iron level (Fig. 2) . This made us think that there is an important relationship between iron metabolism and platelet production in dogs, as well. In studies conducted in humans, the relationship between iron deficiency and platelets has been demonstrated. However, its mechanism has not yet been fully understood (7, 16) . The fact that the EPO level in dogs with iron deficiency in our study was higher than it was in dogs with a normal serum iron level (P = 0.027, Fig. 3 ) strengthens the idea that the increase in the number of platelets may be related to EPO. Likewise, in people treated with iron, both the decrease in EPO and the return of the platelet count to normal values (1) support the idea that the mechanism works through EPO.
In this study, it was observed that serum TPO levels were lower in dogs with iron deficiency than in those without iron deficiency, despite an increase in the platelet count (P = 0.025, Fig. 3 ). This seems to be controversial, since the most important regulator of platelet production in megakaryocytes is TPO. However, TPO binds to c-mpl receptors present on the surface of both megakaryocytes and platelets (12) . In this case, when the number of platelets in peripheral blood is increased, the value measured in serum may be low, since some of the produced TPO will bind to thrombocytes.
The relationship between leukocyte production and thrombocytosis was also examined in the present study (Tab. 1), but no link was found between leukocyte production and the thrombocytosis mechanism.
In this study, reactive thrombocytosis was detected in dog with mild anemia, but not in dogs with severe or moderate anemia. It was observed that iron deficiency caused thrombocytosis in dogs, as it does in humans. The increased serum EPO levels, both in dogs with mild anemia and in those with iron deficiency, suggest that the increase in platelets is due to EPO. It is impossible, however, to explain the mechanism exactly on the basis of these data. Since platelet production is a complex mechanism, there is a need for further research in which EPO and TPO receptors, cytokines, and growth factors are also taken into account.
